The Vakhsh River is one of the major rivers in Tajikistan. The quantitative analysis of watershed topography and developmental characteristics in Vakhsh River catchment can reflect the morphological characteristics of the region, which is of great significance for revealing the quantitative relationship between the hydrological and the geomorphological process. In this paper, the D8 algorithm and the spatial analysis method were used to extract the river networks, the catchment boundary profile lines and the longitudinal valley profile lines of the four major tributaries in the Vakhsh River from the ZY3-DSM of 10 meters resolution. On this basis, five quantitative indices including the frequency of wave, amplitude of wave, gully density, the longitudinal slope and roundness rate were used to analyze the watershed landform and its development degree. According to the experimental results, the catchment have a high surface complexity and a mature landform. Yovonsu river catchment which is in the downstream of Vakhsh River is oval and has low terrain complexity with large frequency and small amplitude. Among the midstream and upstream, the Mukson River has developed into geriatric terrain that is the most mature and has the highest surface complex, while the Obikhingon River and the Kizilsu River have developed into a stable maternal terrain. In terms of topography, the boundary elevation of the Obikhingon is basically in accordance with the normal distribution, while the Kizilsu and the Muksu show a peak state with elevations of 4,000-5,000m and 5,000-5,500m, respectively.
INTRODUCTION
Geomorphology refers to the geometric features of the surface, which not only has a typical spatial distribution, but also shows a relatively independent feature in a certain range (Wang and Qin, 2017) . Based on the watershed, it is expected to reflect the geomorphic characteristics from the perspective of watershed geomorphology by studying the landform and development characteristics of a certain area.
Much work has been done in relation to the quantitative study of the geomorphic characteristics of the watershed. According to previous research, the terrain profile line which directly reflects the terrain relief is widely applied in the study of watershed erosion development to regional landform types on macro scale. The shape of transverse profiles reflects erosional processes (Harbor and Wheeler, 1992; Schumm et al., 1995) . The longitudinal profiles of watersheds have often been linked to erosional power, aggradations and tectonics (Lu et al., 1998; Snyder et al., 2003) . The spatial distribution and propagation mechanism of the gully nodes in the longitudinal valley profile reflect the development stage of the geomorphology (Lin and Oguchi, 2009; Hayakawa and Oguchi, 2009; He et al., 1999) . Nevertheless, the longitudinal valley profile is hard to reveal the topography of positive terrain. Tang et al. (2009) proposed the concept of the catchment boundary profile line. The catchment boundary profile line with the certain spatial position, can effectively reflect the basic terrain features of the basin. According to the catchment boundary profile spectrum, the morphological characteristics and development mechanism of the Loess landforms were revealed from different sides (e.g., Jia, 2010; Zhang, 2011) . The catchment boundary is the highest marginal line in the entire basin and is almost not affected by the erosion of waterflow. Its landform is stable, which not only reflects the characteristics of geomorphic tectonic movement, but also reflects the overall peripheral structure of the landform of the basin. Meanwhile, the valley is formed by erosion of waterflow, which can be affected easily and is the most active part of the watershed geomorphology. Its development affects the erosion and accumulation of basin, which can depict the development characteristics and stages of the basin. Therefore, quantitative analysis of the catchment boundary profile spectrum and the longitudinal valley profile spectrum at the same time can reflect the geomorphological features and development characteristics of the basin as a whole.
The Vakhsh River in Tajikistan was used as a case study in this paper. The formation mechanism of the river runoff in Tajikistan has its own unique characteristics, mainly based on precipitation and glacier melting. This study provides a reference for understanding the rivers in Tajikistan and studying the characteristics of the basins in the high-cold mountains.
(1) (2)
MATERIALS AND METHODS

Study Area and Data
The Vakhsh River rises in the mountains and is one of the main rivers in Tajikistan. The Vakhsh River that is formed by the confluence of the Kizilsu River and the Muksu River, is 566 kilometers in length. And it has a drainage area of 38,800 km² approximately, which accounts for 1/4 of the land area of Tajikistan. The total drop is 1,528 meters and the runoff is mainly supplied by melting snow and glaciers. In this paper, the Kizilsu, Muksu, Obikhingon and Yovonsu River that are the tributaries in the upstream, midstream and upstream respectively were as the research objects (Figure 1 ).
The ZY-3 is the first civilian high-resolution stereoscopic Earth mapping satellite of China. It carries forward looking, downward looking, backward looking cameras and a multispectral camera which are used to acquire three stereoscopic images and stereo pairs. The research data of the experimentation area is a kind of digital surface model of 10m resolution obtained by automatic matching with multi model and multi baseline algorithms by using ZY-3 satellite images. 
Methodology
In this study, D8 algorithm and basin analysis were used to obtain the drainage network of the Vakhsh River and the catchment boundary line of four tributaries (Figure 2 ). Then, we took the turning points on the profile lines as the sampling points and extracted the elevation of each sampling point based on ZY3-DSM. For analysis, the spectrums start from the outlet point of catchment, and regard the sampling point sequence and the sampling point elevation as the X value and Y value respectively. The experimental process is shown in Figure 3 . 
QUANTITATIVE INDICES
The quantitative index system based on the catchment profile spectrum is constructed from the terrain complexity and the landform development. 
The Terrain Complexity Indices
The terrain complexity indices are the parameters to evaluate the relief amplitude and the degree of fold, which can used to describe quantitatively the boundary profile line and river network of different watershed. Three quantitative indices were selected including the frequency of wave, amplitude of wave and gully density to describe the morphological characteristics of the four catchment boundaries, and then to reflect the relationships and differences among the four watersheds.
(1) Amplitude (W) The amplitude of catchment boundary spectrum is the difference between the elevation of the wave crest (wave trough) and the mean value of the wave trough (wave crest) on both sides of the wave crest (wave trough) in the following formula:
Where Yi, Yi-1, Yi+1 = the elevation of sample point Xi-1, Xi+1 = the sequence of sample point (2) Frequency (F) The frequency of catchment boundary spectrum is the ratio of the number of wave crest and wave trough to the sample number in the following formula:
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Where Nwc = the number of wave crest Nwt = the number of wave trough Ns = the sum of sample points (3) Gully Density (Ds) Gully Density is the total length of ravine in a unit area in the following formula:
Where ∑ L = the total length of the gully in watershed A = the catchment area
The Landform Development Indices
The landform development indices can reflect the characteristics of regional tectonic deformation. Two quantitative indices were selected including the longitudinal slope and roundness rate to quantitatively describe the landform development, and then to reflect the relationships and differences among the four watersheds.
(1) Longitudinal Slope (J) The longitudinal slope is the ratio of the elevation difference between the source point and the outlet to the length of the main valley, which is the longitudinal gradient of the river in the following formula: 
The Catchment Profile Spectrums
The catchment boundary profile line and the longitudinal valley profile line have a specific morphology in the specific development stage, which change with time and have the characteristics of geomorphic correspondence. Therefore, the geomorphic features can be expressed intuitively by describing the shape of the catchment profile spectrums. The elevation distribution of catchment boundary and the catchment profile spectrums of four tributaries in the Vakhsh River as shown in Figure 4 and Figure 5 respectively. The basic geographic attributes of the four catchment boundaries are shown in The Obikhingon River
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3, 2018 ISPRS TC III Mid-term Symposium "Developments, Technologies and Applications in Remote Sensing", 7-10 May, Beijing, China From the trend of the boundary lines of the four watersheds, the profile lines is basically bilateral symmetry. The elevations of the boundary profiles of the Yovonsu River are increasing gradually from the outlet to the highest point and then show an obvious fluctuation after that. The reason is that the Yovonsu River flows through the broad valley covered with cotton fields and soil with small elevation fluctuation. In addition, the other three boundary profile lines have a sustainable rapid rise of the elevations in the process of the sides to the middle. The Kizilsu, Muksu and Obikhingon River are all located in the deep mountain valley. Therefore, from the watershed outlet to the negative terrain, there are large span and steep slope. After the elevation increased sharply, the catchment boundary profile lines maintain a steady state of fluctuation. The feature corresponds to the surface fluctuations due to the strong erosion and transportation of mature area. In the area bordered the Kizilsu River Basin and the Muksu River Basin, the surface undulation is relatively large and there is a clear concave due to serious erosion. Accordingly, a new valley is about to be formed at the lower notch. The Muksu River
The catchment boundary profile line The longitudinal valley profile line
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3, 2018 ISPRS TC III Mid-term Symposium "Developments, Technologies and Applications in Remote Sensing", 7-10 May, Beijing, China Figure 5 . The catchment profile spectrums of four tributaries According to the elevation distribution histogram of catchment boundary profile line, histogram of the Yovonsu River shows a low kurtosis. The Kizilsu River and the Muksu River have obvious high kurtosis. The histograms all have an exclusive rectangular band, indicating that the elevation of the boundary profile lines are concentrated in the ranges of 4,000-5,000m, 5,000-5,500m respectively, which reflects the top part of the catchment boundary profiles remain stable relatively. Because the elevations of the two basins are concentrated, the profile lines keep monotonicity from the outlet to the first local surface peak. And the boundary elevation of the Obikhingon River is tally with the normal distribution basically, which results in the small kurtosis and skewness.
As can be seen from the longitudinal valley profile line of four tributaries, the whole shape of the lines are similar to that of power function. The longitudinal profile line of main valley can be expressed by the equation of y=ax N , which takes the outlet as the origin, where N can indicate the concavity of the longitudinal valley profile (Li et al., 2017) . In terms of the fitting analysis of the longitudinal valley profile line with power function, the Obikhingon River have developed into deep erosion period, while the Kizilsu River have developed into the transitional stage between incised erosion and graded adjustment. The Yovonsu River and the Mukson River have developed into a stable stage.
Analysis on Quantitative indices
The fluvial geomorphology is formed by soil erosion and accumulation. The differences in morphology reflect the erosion scales and geomorphic evolutions.
The Terrain Complexity Analysis:
Topography is a significant underlying surface factor that affects water erosion. Therefore, studying the terrain complexity plays an important role in exploring water erosion and landform development. The indices of the four basins are shown in Figure 6 . In general, the greater amplitude of wave the higher surface complexity. In the same physiognomy type areas, the amplitude keeps similar. Meanwhile, it is affected by the individual particularity of the catchment. As shown in Figure 6 , the Kizilsu River, the Muksu River and the Obikhingon River have large amplitude, indicating that the surface complexity of the basin is relatively high. Among them, the Muksu River has the highest degree of undulation, which corresponds to the disparity of elevation distributions in the histogram of the boundary. The amplitudes of the Kizilsu River and the Obikhingon River are similar, indicating that the terrain complexity and the change of the boundary profile lines are similar. The Yovonsu River has small amplitude, which is located in the wide valley with little elevation fluctuations. The frequency of wave of the four basins are similar, and the mean value is about 0.0552. From the aspect of gully density, the four basins are basically in the stable stage. With the side erosion of the river, channel becomes wider and terrain gradually becomes flatter so that the gully density are small. 
The Landform Development Analysis:
The correlation between geomorphologic development and water erosion can be reflected quantitatively from different aspects by landform development indices. The indices of the four basins are shown in Figure 7 . The longitudinal slope of the Yovonsu River is small because of stability and low terrain. And the Kizilsu River with large area has numerous tributaries so that the value is also small. Dissimilarly, the other two basins are located in the deep valleys and have large downcutting depth, so the longitudinal slope of them are large. The roundness rate is not only influenced by lithology, but also depends on the development degree of the basin and the total slope of the region. Judging from the entire Vakhsh River, the development of catchment is relatively mature. From the catchments of four tributaries, the development degree of the Yovonsu River and the Muksu River are lower than that of the Kizilsu River and the Obikhingon River. This is corresponding to the overall situation of the longitudinal valley profile lines. 
CONCLUSIONS
Based on the four main tributaries of the Vakhsh River as the study area, the basin geomorphological characteristics have been studied by using the methods of digital terrain analysis and mathematical statistics. The experimental results show that:
(1) According to the catchment boundary profile spectrum and elevation distribution histogram, the elevation of the Yovonsu River border is in a steady fluctuation, which is relatively uniform. Besides, the amplitude of the topography is small. By contrary, the spectrum of other three tributaries have a sustainable rapid rise of the elevations in the process of the sides to the middle. After the dramatic increase of the elevation, the catchment boundary profile spectrum maintains a steady state of fluctuation. Among them, the boundary elevation of the Obikhingon River is tally with the normal distribution basically, while the Kizilsu River and the Mukson River show the peaks with elevations of 4,000-5,000m and 5,000-5,500m respectively. (3) After analyzing the watershed landform and its development degree by five quantitative indicators, the gully density of the four tributaries remain consistent, with an average value of 0.1154. In addition, The Yovonsu River catchment in the downstream of Vakhsh River is oval and has low terrain complexity with large frequency and small amplitude, which is side-erosion mainly. By contrast, other three tributaries in the midstream and upstream of the catchment are narrow. Among them, the Mukson River has developed into geriatric terrain and it is the most mature area. Also it has the most complex surface with large amplitude and erosion. The Obikhingon River and the Kizilsu River have developed into a stable mature terrain and the amplitude of 5.2473 and 5.7081 respectively.
